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Co-channel Interference Cancellation for 
Space-Time Coded OFDM Systems Using 
Adaptive Beamforming and Null Deepening  
Raungrong Suleesathira 
Abstract—Combined with space-time coding, the orthogonal frequency division multiplexing (OFDM) system explores space 
diversity. It is a potential scheme to offer spectral efficiency and robust high data rate transmissions over frequency-selective 
fading channel. However, space-time coding impairs the system ability to suppress interferences as the signals transmitted from 
two transmit antennas are superposed and interfered at the receiver antennas. In this paper, we developed an adaptive 
beamforming based on least mean squared error algorithm and null deepening to combat co-channel interference (CCI) for the 
space-time coded OFDM (STC-OFDM) system. To illustrate the performance of the presented approach, it is compared to the 
null steering beamformer which requires a prior knowledge of directions of arrival (DOAs). The structure of space-time decoders 
are preserved although there is the use of beamformers before decoding. By incorporating the proposed beamformer as a CCI 
canceller in the STC-OFDM systems, the performance improvement is achieved as shown in the simulation results.  
Index Terms—Adaptive antenna arrays, Beamforming, Orthogonal frequency division multiplexing, Space-time coding.    
——————————
      —————————— 
1 INTRODUCTION
pace-time coding [1], [2] is a coding technique de-
signed for multiple antenna transmission. In addition 
to the diversity improvement on flat fading channels, 
it can achieve a coding gain with no bandwidth sacrifice. 
Combining multiple receive antennas, space-time coding 
can minimize the effects of multipath fading and achieve 
high channel capacities in the MIMO (multiple-input mul-
tiple-output) systems [3]. Recently, there has been an in-
creasing interest in providing high data rate services such 
as video conferencing, multimedia internet access and 
wide area networks over wideband wireless channels. 
Consequently, the transmitted signals experience frequen-
cy-selective fading. Thus, the channel induces intersymbol 
interference (ISI) which makes code performance degrade. 
Without equalization, a promising approach to mitigate 
ISI is OFDM technique [4] which is used in various stan-
dards of wireless communication systems. The high rate 
data stream is demultiplexed into a large number of sub-
channels. The number must be chosen to ensure that each 
subchannel has a bandwidth less than the coherence 
bandwidth of the channel, so the subchannel is characte-
rized as flat fading. Each subchannel however has a high 
error probability in deep fades.  
The combination of space-time coding and the OFDM 
modulation [5] is not only alleviate drawbacks of each 
other, but also improve the high speed transmission per-
formance limited to two fundamental impairments, mul-
tipath fading and ISI. However, using multiple transmit 
antennas at each mobile causes mutual interference at the 
receiver by either signals transmitted from different an-
tennas of the same transmitter or other transmitters. Addi-
tional processing is required to mitigate co-channel inter-
ferences (CCI) in space-time coded OFDM (STC-OFDM) 
systems. 
To maximize the STC-OFDM system efficiency, the 
problem of CCI introduced by the space-time coding must 
be solved.  Adaptive antenna arrays are an attractive solu-
tion because they can suppress CCI and mitigate the ef-
fects of multipath fading [6], [7], [8], [9]. Regarding to 
beamforming techniques for STC-OFDM systems, some 
research attempts have been mainly focused on the 
transmit beamforming in downlink since the fact that 
download intensive services and wireless web browsing 
are to be introduced in the next generation [10], [11], [12], 
[13]. Study on receive beamforming which is widely ap-
plied to uplink of cellular mobile systems has also at-
tracted attention to both suppress CCI and minimize fad-
ing effects. This latter is the case that we consider in this 
paper. In [14], it is shown that the scheme of MIMO wire-
less systems incorporating a beamforming method before 
space-time decoder can effectively mitigate CCI while 
preserving the space-time structure. The beamforming 
method called the minimum variance distortion response 
(MVDR) beamformer is used as a CCI canceller in OFDM 
systems using space-time trellis codes in reverse link. One 
disadvantage of the MVDR beamformer is based on accu-
rate estimation of the desired DOAs and degrade obvious-
ly when there are errors in desired DOAs. To improve the 
robustness to uncertainty in DOAs of the MVDR method, 
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a robust beamforming algorithm based on particle filter is 
proposed in [15].  A minimum mean 
squared error (MMSE) beamforming is applied to the 
space-time block coding combined with the OFDM system 
[16]. The method relies on the number of training blocks 
corresponding to the chosen cluster sizes. Space-
frequency OFDM system with the null steering beam-
forming for CCI suppression is investigated in [17]. In this 
paper, an adaptive beamforming algorithm based on min-
imum means square error of pilot signals is presented 
which does not require known desired DOAs as the 
MVDR beamforming and the null steering beamforming. 
The resulting coefficients are inversed in order to deepen 
nulls such that it can increase CCI suppression ability in 
the space-time trellis coded OFDM systems. 
This paper is organized as follows. In section 2, the 
conventional STC-OFDM system model is given. Section 3 
describes the proposed adaptive beamforming and null 
deepening as a CCI canceller in the STC-OFDM system. It 
also includes a conventional beamforming algorithm 
called the null steering beamforming. The space-time de-
coders are expressed in section 4. The simulation results 
are presented in section 5. Finally, conclusion is in section 
6. 
2 STC-OFDM MODEL 
The conventional STC-OFDM scheme which includes ar-
rays of      transmit and      receive antennas is illustrated 
in Fig.1. A transmitter shown in Fig. 1(a) begins by encod-
ing a block of symbols to generate a space-time codeword. 
At time t , the space-time encoder constructs a matrix of                                                                   
modulated symbols given as [1] 
 
 
 
 
 
 
 
where an element       belongs to a constellation from M-
ary phase-shift keying. The i-th row,                 , represents 
a data sequence sent out the i-th transmit antenna. At the 
i-th transmit antenna, the serial-to-parallel converter al-
lows us to obtain parallel data. OFDM modulation is used 
to modulate the parallel data, i Kt
i
t
i
t xxx ,2,1, ,,, K , by the 
IFFT. The total available bandwidth of F  Hz is divided 
into K overlapping subcarries. In the time domain, a cyc-
lic prefix (CP) is added to each OFDM frame during the 
guard time interval. The length of CP must be larger than 
the maximum time delay of multipath fading channel 
such that it can be avoided ISI due to the delay spread of 
the channel. Consider the receiver shown in Fig. 1(b). 
OFDM demodulation computes the FFT and removes CP. 
The output of the OFDM demodulator for the k-th subcar-
rier, Kk ,,1 K= , and for the j-th receive antenna, 
Rnj ,,1K= , can be expressed in the frequency domain as 
 
(1) 
 
where       is the channel frequency response of the k-th 
subcarrier between the i-th transmit and j-th receive an-
tennas in the presence of the noise sample         . The max-
imum likelihood decoding rule amounts to the computa-
tion of   
 
 
(2) 
 
 
The minimization is performed over all possible space-
time codewords. Note that interleavers are optional to 
improve the performance.  
 
 
 
 
(a) 
 
 
 
 
(b) 
 
Fig. 1. Conventional            STC-OFDM system (a) STC-OFDM 
transmitter and (b) STC-OFDM receiver. 
3 CCI CANCELLATION FOR STC-OFDM SYSTEM 
In this section, we modified the STC-OFDM system to 
increase the capability to mitigate interferences. Fig. 2 and 
3 present the block diagram of the proposed STC-OFDM 
system with CCI cancellation. Due to achievable diversity 
gain and coding gain, space-time Trellis codes (STTC) is 
chosen as a space-time encoder. In Fig. 2, the proposed 
transmitter multiplexes the STTC data and pilot symbols 
to generate a data sequence     . By performing the IFFT on       
     , the resulting signal    can be written in a vector form 
as [8]  
   (3) 
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Matrix F is referred to as the FFT operation. Superscript H 
denotes complex conjugate transposition of a matrix. 
In the following discussion, a model consisting of one 
desired mobile and one interfering mobile is considered. 
Note that it can be extended for more than one presented 
CCI. Each mobile has two transmit antennas (    = 2). The 
base station has four receive antennas (    = 4). Assume 
that the signals propagate from the two transmit antennas 
of a mobile to the base station in the same DOA with two 
independent fading channels. Let’s denote two indepen-
dent paths in each DOA using vector notation as  
 
(4) 
 
where     is the p-th fading path of the i-th transmit anten-
na. After demodulation and CP removal from each frame, 
the received signal at the antenna array in Fig. 3 can be 
modelled as 
 
(5)  
 
The first term in (5) represents the signals received 
from the desired mobile while the second term represents 
the CCI. The signal transmitted from the desired mobile is 
given by  
 
(6) 
 
where          is the signal transmitted from antenna i at 
time       that is propagating in fading path p and has a 
time delay    . The antenna array response steering in the 
direction of arrival      is defined as [18] 
 
(7) 
 
In (5), the notation of the second term has the same mean-
ing as the first term but it is for CCI. is an           
additive white Gaussian noise matrix with zero mean and 
variance      . Its correlation matrix is                       
 
 
 
 
 
Fig. 2. Proposed STC-OFDM transmitter 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. STC-OFDM receiver with CCI canceller 
 
To suppress CCI, an adaptive beamformer is intro-
duced before the space-time decoder as seen in Fig. 3. 
Beamformer serves as a spatial filter to receive a strong 
signal from a particular direction while simultaneously 
blocking it from another direction. The beam response 
depends on the DOAs of the desired signal and DOAs of 
CCI impinging on the antenna array. Let   be the l-th 
beamformer output at time t  given by 
  
(8)  
 
where                                                is a weight vector which 
is crucial to form a beam response properly. After the FFT 
operation, the received signal vector in the frequency do-
main becomes 
 
     
      (9) 
 
 
The signal is then demultiplexed to perform weight 
adapting and space-time decoding. In the following sub-
sections, we presented an algorithm of adaptive beam-
forming and null deepening to control the weights. The 
conventional beamforming known as the null steering 
beamforming to combat CCI is also briefly explained. Ad-
ditionally, expressions of the space-time decoder are also 
given to analyze the effect of CCI cancellation to the de-
coded codewords.      
3.1 CCI Canceller using Adaptive Beamforming and 
Null Deepening 
In this adaptive algorithm, the antenna weights are up-
dated to minimize mean squared error. The error quantity 
is defined as the difference between the reference pilot 
symbols l qty ,  and the received pilot signal 
l
qty ,
~ . Accor-
dingly, the mean square error (MSE) can be expressed as 
 
     (10) 
 
where Q is the number of pilot symbols which are multip-
lexed to the STTC at the receiver. Let l Qt ,y  and 
l
Qt ,
~y  be the 
reference pilot signals and the received pilot signals of Q  
sub-carriers, respectively, given by 
  
 
 
 
Using matrix notation, the error vector in frequency do-
main of (10) becomes  
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][ 21 ppp hh=h 2,1=p
.)()(
2
1
CCI,CCI,
2
1
t
p
ptpp
p
ptppt NZhaYhaV ++= ∑∑
=
−
=
− ττ θθ
T
ptptpt ],[
21
τττ −−− = yyY
[ ] .,,)( sin)1(sin1 TpRnjpjp ee θpiθpiθ −−−= Ka
i
t pτ−
y
Tn
Rn
i
ph
)( itt y
pτ
pθ
KnR ×
2
nσ .
2][ INNR n
H
ttE σ==
STTC
MUX
Pilot Symbol
Generator
S/P 
Converter
.
.
.
Tx#1
Tx#2
Source data
IFFT Add CP
S/P 
Converter
.
.
. IFFT Add CP
S/P Converter FFT ... Demux
Pilot Signal
Space-Time
Decoder
-
Rx#1
Rx#2
.
 
 
 
.
 
 
 
.
Rx#nR W2
W1
Rm CP
S/P Converter FFT ... Demux
Pilot Signal
Reference Pilot 
Symbol
Weight Adjustment
and Null Synthesis
-
Reference Pilot 
Symbol
Rm CP
Rm CP
Weight Adjustment
and Null Synthesis
l
tr
t
Hl
t
l
t Vwr )(= 2,1=l
[ ]Tl ntltltlt Rwww ,2,1, ,,K=w
[ ] .~,,~~
)(~
,2,1,
Tl
Kt
l
t
l
t
Hl
t
l
t
yyy K=
= rFy
[ ] ∑
=






−=
Q
q
l
qt
l
qt
l
t yyEeE
1
2
,,
2 ~)(
[ ]
[ ] .~,,~~~
,,
,2,1,
,2,1,
Tl
Qt
l
t
l
t
l
t
Tl
Qt
l
t
l
t
l
t
yyy
yyy
K
K
=
=
y
y
 9 
 
Transform the error vector into the time domain by 
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Substituting (8) and (9) into        in (12) yields the error 
vector in the time domain as   
 
                                         (13) 
 
Weight adjustment by the least mean squares (LMS) algo-
rithm to obtain minimum errors is [7] 
                  
 
 (14) 
 
where 
*w∂
∂  is the conjugate derivative with respect to the 
complex weight vector w and µ  is a positive scalar that 
controls the convergence characteristic of the algorithm. 
Using the error vector in (13), the weight vector of the l-th 
beamformer at time t  is adjusted by the following recur-
sive relation 
  
(15) 
 
Let 
lw  be the converged weight vector of the l-th beam-
former. The beam response can be formed using the func-
tion expressed as  
  
    ).()()( θθ awb Hll =                                 (16) 
 
To increase the capability of interference cancellation, 
deep nulls are synthesized at the all CCI directions i.e. 
at 1,CCIθ , 2,CCIθ and at the direction of one path pθ  where 
p ≠ l called “not in a look direction”. Equation (16) can be 
rewritten in a matrix form as [19] 
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and matrix D  is 
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The procedure of placing a null at any direction dθ  
with an angle width of dθ∆  is carried out by the follow-
ing steps. 
1. Impose a null on the response )(θlb  by replacing 
M samples with zeros. The chosen samples are lo-
cated in the range of dθ∆  around dθ . Let 
)(null θlb be the beam response with the imposed 
null given by 
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2. Apply the inverse beam response to recalculate 
the weights of the response constrained with the 
prescribed nulls by )(null1null θll bDw −= .  
3. Substitute the weight vector lnullw into (16) to 
achieve deep null synthesis.  
In the next subsection, the null steering beamformer 
which can perfectly steer the main beam in the desired 
direction and impose nulls in the directions of CCI signal 
will be briefly reviewed.   
3.2 CCI Canceller using Null Steering Beamforming 
In the null steering beamforming, the desired directions of 
a mainbeam and the direction of a null must be prior 
known to generate the weight vector. For the l-th beam-
former in Fig. 3, let )( lθa  be the steering vector where the 
unity response is required and )(
,lCCIθa  be the steering 
vector for nulling. Then, the weight vector of the l-th 
beamformer satisfies [18] 
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weight vector is given by 
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4 SPACE-TIME DECODER 
For STTC, the Viterbi algorithm [20] is employed to per-
form the maximum likelihood decoding. Assume that 
channel state information is available at the receiver. The 
Viterbi algorithm selects the path with the minimum dis-
tance metric as the decoded sequence. The derivations of 
branch metric corresponding to the previously mentioned 
two beamformers are discussed in the following subsec-
tions. 
4.1 Space-time Decoder after Adaptive Beamform-
ing and Null Deepening 
Using the response of the adaptive beamforming and null 
deepening, the beamformer outputs are affected by the 
two paths from the desired mobile and the residual CCI. 
For simplicity, we assume that the residual CCI is negligi-
ble and the mainbeam has a unity response. Substituting 
(5) into (8), the l-th beamformer output can be expressed 
as 
      t
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Assuming that 01 =τ and ττ =2 , thus we can omit 
the subscript 1τ .  Equation (20) becomes 
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where )()( 21 θρ aw Ht= , )()( 12 θβ aw Ht=  and 
Kkje /2piτω −=  .  The space-time decoder using the Viterbi 
algorithm [20] to obtain decoded symbols become 
                           
 
 
(24) 
 
 
4.2 Space-time Decoder after Null Steering Beam-
forming 
Using the response of the null steering beamformer, all 
CCI signals except the desired signal from one path in a 
look direction can be completely cancelled. Substituting 
(19) into (8), the j-th beamformer output can be expressed 
as 
t
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This can be viewed as time diversity with the frequen-
cy channel response in (22) given as 
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Implement Viterbi algorithm to find the branch metric 
using (24) with the frequency response of (26).  
5 SIMULATION RESULTS 
In this section, simulations are conducted to evaluate the 
performance of the proposed adaptive beamforming and 
null deepening as a CCI canceller in the STC-OFDM sys-
tem. We use a 16-state space-time trellis coded QPSK 
scheme. The encoder takes 512 bits as its input at each 
time to generate two coded QPSK sequences of length 256 
symbols which are multiplexed to 32 pilot symbols. The 
transmitted signals experience the frequency selective, 
two-ray Rayleigh fading channel with a delay of τ = 
15 sµ . Both two paths of a transmitted signal have equal 
average power. In fading channel with a maximum Dopp-
ler frequency of 50 Hz, the power spectral density satisfies 
Jakes model [21]. The total available bandwidth is 1 MHz 
with 288 subcarriers. This corresponds to a subchannel 
separation of 3.5 KHz and the duration of an OFDM frame 
is 288 sµ . To avoid ISI, a CP of 40 sµ  duration is ap-
pended to each OFDM frame. In the following simulation, 
the signal to noise ratio (SNR) is defined as the average 
energy per symbol divided by the one sided noise power 
spectral density 0N , and the signal to interference ratio 
(SIR) is the ratio between average energy per symbol of 
the desired transmitter and CCI. 
Figs. 4 and 5 illustrate the beam responses generated by 
the proposed adaptive beamforming and null deepening 
in comparison to the null steering beamforming algo-
rithm. The beam patterns formed by the first beamformer 
are shown in Fig. 4 while the beam patterns formed by the 
second beamformer are shown in Fig. 5. The impinging 
angles of desired mobile and the CCI are 1θ = 10, 2θ = -20, 
1,CCIθ = -60, 2,CCIθ = 40. The null width is fixed at 
5=∆ dθ to deepen nulls at the directions of CCI and an 
unlook direction of the desired user. For each beam re-
sponse, the CCI interferers and unlook direction of the 
desired signal can be suppressed significantly. More spe-
cifically, the main beam in Fig. 4 is to steer the desired 
signal at  1θ = 10 and nulls at -20, -60, and 40  while the 
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main beam in Fig. 5 is to steer the desired signal at 2θ = 20 
and nulls at 10, -60 and 40. It can be seen that we can 
achieve deeper nulls by using the proposed null synthesis. 
This reduces interference signals significantly. Note that 
the proposed beamformer does not require the prior 
knowledge of the DOAs as the null steering beamformer 
does. 
In Fig. 6, we present the performance of the conven-
tional STC-OFDM system without CCI cancellers with 
different SIR values. As SIR increases, the performance 
improves according to the decreased frame error rates 
(FER). This implies that CCI degrades the performance of 
the STC-OFDM system.  
In addition to the presence of CCI signals, duration of 
delay spread also affects the performance degradation of 
the conventional STC-OFDM scheme as illustrated in Fig. 
7.  Due to the fact that multipath channels with a large 
delay spread give rise to a short coherence bandwidth, 
this yields a much higher frequency diversity gain for the 
STTC than that of short delay spread. The time delay has 
no impact when applying the proposed beamformer as a 
CCI canceller.  
Fig. 8 indicates that performance of proposed system is 
not affected by a time delay because the guard interval is 
larger than the time delay. Therefore, the beamformers 
serve as a CCI canceller as well as a time diversity tech-
nique.  
We compare the performance of the STC-OFDM sys-
tem using the adaptive beamforming and null deepening 
for the different number of interferers as plotted in Fig. 9.  
The DOAs of the two paths of the desired mobile are      
(10, -20) and the DOAs of the two paths of one interferer 
are given at (-60, 40). For two interferes, we use (20, -60) 
for the angles of the two paths of the desired mobile whe-
reas (50, -20, 80, 0) represents the DOAs of the two paths 
of two interferes. Let (20, -60, 50, -20, 80, 0, 35, -45) be the 
third DOA set where first two angles are the DOAs of the 
desired mobile and the last six angles are the DOAs of the 
three interferes. As seen in Fig. 9, it performs worse as the 
number of interferes increases. 
Fig. 10 plots FERs to compare the performances of the 
STC-OFDM scheme between using the proposed beam-
former (solid lines) and the null steering beamformer 
(dash lines). Three different impinging directions of the 
two paths of the desired signals are considered. The per-
formance of the STC-OFDM scheme using the null steer-
ing beamformer is affected by the impinging angles. For 
the STC-OFDM scheme using the null steering beamfor-
mer, the FERs (dash line) increase if DOAs is closer. The 
null steering beamforming gives unsharp beam patterns 
due to the noise gain induced when two impinging angles 
of the desired signals become close to each other.  
We conclude the ability to suppress CCI of the pro-
posed beamformer by presenting Fig. 11.  The perfor-
mance of the conventional STC-OFDM scheme is used as 
an upper bound to show the system improvement using 
the proposed beamformer. The performance of the pro-
posed adaptive scheme based on the MMSE algorithm 
and null deepening outperforms the method based on the 
null steering beamforming. 
 
Fig. 4. Beam responses using 
1
w  generated by the adap-
tive beamforming and null deepening in comparison to 
the null steering beamforming 
 
Fig. 5. Beam responses using 
2
w  generated by the adap-
tive beamforming and null deepening in comparison to 
the null steering beamforming 
 
Fig. 6. FER performance of the conventional STC-OFDM 
system for different SIRs 
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Fig. 7. FER performance of the conventional STC-OFDM 
system for different time delays 
 
Fig. 8. FER performance of the proposed STC-OFDM sys-
tem for different time delays 
 
Fig. 9. FER performance of the proposed STC-OFDM sys-
tem for different number of interferers 
 
Fig. 10. Performance comparison between the adaptive 
beamforming (AB) and null deepening and the null steer-
ing beamforming for different impinging angles of the 
two paths of the desired signals 
 
Fig. 11. FER comparison of the STC-OFDM using the 
adaptive beamforming and null deepening and the null 
steering beamforming 
6 CONCLUSION 
CCI canceller using the LMS adaptive beamformer and 
null deepening is presented in the STC-OFDM system. 
Due to time diversity of multipath propagation, the pro-
posed beamformer can significantly suppress CCI for each 
path and preserve the structure of space-time decoding. 
The null steering beamformer which requires a prior 
knowledge of DOAs is used to compare the performance 
of the proposed CCI canceller. It is demonstrated that the 
proposed algorithm outperforms the null steering beam-
former to increase the system ability for CCI cancellation. 
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